Introduction and objective. In recent years there has been intensified research on medicinal preparations of fungal origin. Some fungal polysaccharides may directly affect the inhibition of cancer cells proliferation which, stopping the cell cycle, leads to apoptosis. One of these substances (component of extract of Ganoderma spp) is extensively tested for its anti-cancer properties on the tumor cell lines. Electric cell-substrate impedance sensing (ECIS) is an in vitro impedance measuring system using alternating current (AC) to determinate the behaviour of the cells in physiological conditions. Objective. The aim of the study was to examine the electric properties (resistance, capacitance and impedance) of mouse fibroblasts cell line L929 after treatment by different concentration of crude exopolysaccharides from Ganoderma applanatum (GpEPS) in real time by ECIS technique. Materials and methods. For the study, the L929 cell line culture was treated by different concentrations of GpEPS: C1=228.5 µg/mL; C2=22.85 µg/mL; C3=2.285 µg/mL; C4=0.2285 µg/mL; and C5=0.02285 µg/mL. Default optimal frequencies were used: Resistance (R) 4000Hz, Impedance (Z) 16000Hz, Capacitance (C) 64000Hz. Results. The study demonstrated that GpEPS had no significant effect on the resistance, capacitance and impedance cells cultures, which implies that there is no significant effect on the physiological processes of L929 fibroblasts. This indicates the possibility of using GpEPS preparation in anti-cancer therapy. Conclusions. In the future, following further studies (comprising in preventive and therapeutic actions), GpEPS can be safely used in anti-cancer therapy which does not cause side-effects or damage to healthy cells.
INTRODUCTION
In recent scientific literature there often occurs an assertion that some fungal polysaccharides may directly influence the inhibition of cancer cells proliferation by altering intracellular signals which, in turn, stops the cell cycle and leads to apoptosis. Among the many fungal species, the genus Ganoderma seems to be especially interesting, mainly due to its wide therapeutic effect [1] . One of the most frequently studied biological properties of fungal polysaccharides is their anti-tumour activity, the effect of which depends on their immunomodulatory activities affected by many physical and chemical properties. These include the chemical composition of the molecule, degree of branching, type of glycosidic bonds and conformation, or molecular weight [2] . Since biologically-active extracts of Ganoderma spp. are extensively tested for their anti-cancer properties on the tumour cell lines, it appears appropriate to verify their effects on healthy cells. The presented study demonstrates a useful and effective method of assessing the impact of examined substances on the cells and their properties.
Electric cell-substrate impedance sensing (ECIS) is an in vitro impedance advanced measuring system using alternating current (AC) to determinate the behaviour of cells in physiological conditions. As is well known, cell function modulates cell morphology, and ECIS is capable of detecting and quantifying morphology changes in the sub-nanometer to micrometer range. In ECIS, a small alternating current (I) is applied across the electrode pattern at the bottom of the ECIS arrays. This results in a potential (V) across the electrodes which is measured by the ECIS device. The pioneers of this technique were Giaever and Keese who developed the electric cell-substrate impedance sensing (ECIS) as a continuous monitoring system for studying cell behaviours using a non-invasive, real-time, and label-free method [3] . In this system, electrodes are used to apply low alternating current, and electrodes measuring the voltage change mounted at the bottom of a standard matrix. Impedance is measured according to Ohm's law, Z = V/l. When the cells attach to the matrix and electrodes they act as insulators, increasing impedance. The flow of the current is hampered depending on the number of cells covering the electrode, and the shape and type of the cells attached to the electrode surface. The structure design of ECIS measuring system includes: two electrodes (one is a small working electrode and the other a large counter electrode on the bottom of the culture plate) connected to the edge of a culture chip which is connected to the lock-in amplifier. The whole setup is placed inside an incubator in stable conditions: 37 °C and under a 5% CO 2 atmosphere. After seeding, cells drift downward and attach to the stratum of the electrode, which then passes the impeded current directly into the bulk electrolyte as the result of anchored plasma membrane intrusion above the electrode surface [4] . The direct parameters derived from impedance measurements are resistance and capacitance of the cells [5] .
The quality and function of the cell barrier is represented by the resistance; therefore, the resistance towards paraand trans-cellular current flow should be considered. Capacitance provides an overall measure of electrode coverage. Therefore, the different behaviour of the cells after the seeding, adherence, proliferation and their reaction to substances added to the substrate as a result, produce change in impedance [6] .
OBJECTIVES
The study aimed to examine the relationship between electrical changes within cells, or on their surfaces, and the processes conditioning the survival of fibroblast cells line L929 subjected to various concentrations of GpEPS.
MATERIAL AND METHODS
Microorganism and culture conditions. The G. applanatum strain (Fungal Collection (FCL) of the Biochemistry Department, Maria Curie-Sklodowska University, Lublin, Poland) cultures were maintained on potato-dextrose-agar (PDA) plates, which were inoculated and incubated at 25 0 C for 7 days and stored at 4 0 C. The experimental inocula were prepared in 100mL Elenmeyer flasks containing 25 mL of the PDA medium at 25 0 C for 7 days. After the inoculation with 4% (v/v) of the homogenate, rotary shaking cultures were incubated in 250 mL Erlenmeyer flasks containing 100 mL medium. The media consisted of the following components: 
Extraction of exopolysaccharides.
Crude exopolysaccharides in the culture liquid were precipitated with cold 96% ethanol in the ratio 1: 4 (v/v) and kept overnight at 4 0 C. The resulting preparation was centrifuged (10,000 rpm, 10 min.), washed 3 times with ethanol, dissolved in distilled water, and lyophilized.
The amount of proteins, total polysaccharides, reducing sugar, and total phenolic compounds content of GpEPS, was estimated as in an earlier report [7] (Tab. 1).
Determination of total carbohydrate and reducing sugar.
The total carbohydrate content of the exopolysaccharides was determined according to Dubois et al. [8] using the phenol-sulfuric acid assay with D-glucose as a standard. The concentration of reducing sugars was measured by the Somogyi-Nelson method, based on the procedure described by Hope and Burns [9] , with some modifications. The amount of total reducing sugars was calculated with D-glucose as a standard. The final total value of polysaccharides was obtained by subtraction of reducing sugars from the total carbohydrates.
Determination of proteins and phenolic compounds.
The protein concentration was estimated by the Coomassie brilliant blue (G-250) dye-binding method [10] using Bio-Rad dye stock solution with bovine serum albumin (Sigma) as a standard. The total phenolic compounds content of GpEPS was determined with diazosulfanilamide by the DASA test [11] . The changes in absorbance were measured at 500 nm and compared with the standard curve of vanillic acid.
Cell lines and culture conditions. In the initial phase, cells of mouse fibroblast cell line -NCTC clone 929 [L cell, L-929, derivative of Strain L] (ATCC® CCL-1™) was derived from ATCC and cultured according to the instruction manual. The cells of L929 were cultured in complete Eagle MEM medium (Sigma Aldrich) supplemented with 10% foetal bovine serum FBS Good HI, in an Galaxy 170R incubator, under controlled growth conditions, constant humidity and air saturation of 5% CO 2 . After multiplication and stabilization of the cells (approx. 7 -14 days), when the culture reaches at least 75% confluence, the next stage of testing was culturing the cells with GpEPS in different concentrations.
The electric cell-substrate impedance sensing. The study was conducted by means of monitoring selected electrical parameters: resistance, capacitance and impedance in cell cultures, in real time.
The ECIS system used (ibidi GmbH) contained 2 separate units: station controller Zθ, located outside of the incubator, and the station (96 wells) placed within the incubator space. The station was connected with a 6 ft long flat cable which was plugged into a socket on the back panel of the station controller that was then covered with a shield / strain relief cover. The station controller contained most of the electronics, including the oscillator supplying the AC signal and sophisticated impedance measuring circuits. The array station provided additional signal processing circuits and switching mechanisms to change the measurement from well to well. The instrument was capable of simultaneously measuring both the resistance and capacitance of the ECIS electrodes over a broad range of AC frequencies. In addition, the electronics only accept signals having the same frequency as that of the source oscillator and is said to 'lock' to the signal, eliminating most extraneous electrical noise.
The
Prior to inoculation, the array was incubated with the Eagle MEM medium in the Galaxy 170R incubator overnight. Following stabilization, the array was removed from the array station and inoculated with cells. Inoculation of arrays was carried out by 300 microliters per well of cell (L929) suspension at ~1.2 x 10 5 cell/ml. GpEPS was added to inoculated wells to final concentrations of: 228.5 µg/mL (C1); 22.85 µg/mL (C2); 2.285 µg/mL (C3); 0.2285 µg/mL (C4); 0.02285 µg/mL (C5). Following cell manipulation, the array holder was placed in the incubator and real time measurements were initialized. The maximum response for Z, R and C occurs at different frequencies. In this study the default optimal frequencies were used: Resistance (R) 4000Hz, Impedance (Z) 16000Hz, Capacitance (C) 64000Hz.
RESULTS
The effect of varying GpEPS concentrations on L929 monolayer cell culture and electric changes were continuously monitored for up to 35 hours. Using the ECIS system, important changes in resistance, impedance, and capacitance in L929 cells following administration of 5 different concentrations of GpEPS were recorded. Based on the obtained results, it can be concluded that different doses of GpEPS affect electrical parameters of cell culture in different mode ( Fig. 1-3) . Every cell type has its characteristic adhesion and growth curve that can be manipulated by e.g. varying seeding density or other stimuli -concentration of substances in the medium. One of the major difficulties to study those processes is to differentiate between adhesion, spreading and proliferation.
As can be noted (Fig. 1) , initially at starting in the first 10 hours, the resistance increases in all cell cultures: F (control culture of fibroblasts L929 cells) and L929 cells culture treated by 228.5 µg/mL (C1); 22.85 µg/mL (C2); 2.285 µg/mL (C3); 0.2285 µg/mL (C4); 0.02285 µg/mL (C5) of GpEPS, due to attachment and spreading, followed by confluence of the cells. After the next 10 hours of incubation, it can be seen that nearly all tested concentrations of GpEPS caused an increase in resistance up to nearly 4,000 ohms, in comparison to control lines (F=3,600 ohms). In this period of time (between the 10 th -20 th hour of incubation), only the dose of 0.02285 µg/mL (C5) of GpEPS did not increase the resistance when compared to the control cultures (F). In the case of C5, that condition lasted for next 5 hours, after which the resistance increased up to 4,300 ohms in comparison to F cultures (4,100 ohms), but still stayed at similar level. The highest resistance were observed in the case of C1, C2 and C3 cultures, and exceeded 4,500 ohms after 20 hours. The C5 concentration had the greatest impact on the cells and resulted in the biggest increase in resistance and the longest duration (4,500 ohms up to 29 hours). In contrast, the resistance of F, C1, C2, C3 and C4 cultures dropped drastically after 25 hours. The ECIS data (Fig. 2) shows that the capacitance of the control culture (F) and cells cultured with the addition of Figure 2 . Changes in capacitance of the L929 cell line cultures. F -control cell line of L929; C1 -cell culture treated with GpEPS, concentration -228.5 µg/mL; C2 -cell culture treated with GpEPS, concentration -22.85 µg/mL; C3 -cell culture treated with GpEPS, concentration -2.285 µg/mL; C4 -cell culture treated with GpEPS, concentration -0.2285 µg/mL; C5 -cell culture treated with GpEPS, concentration -0.02285 µg/mL; M -medium different concentrations of the GpEPS demonstrated a similar pattern, and similar values in all cases. As in the case of resistance, the largest effects on capacitance of cells was caused by the concentration of GpEPS in C5 (decrease to about 1.8 nF after 28 hours of incubation).
In the current study it was found that when L929 cells were treated with GpEPS the impedance only slightly changed their function, and in cell morphology, slightly altered the impedance (Fig. 3) . The impedance highest values (about 4,500 ohms) were recorded for L929 cultures treated with the examined substance; time range from 15 th -30 th hour. Simultaneously, the strongest proliferative effect on fibroblasts cells was exerted by GpEPS in all concentration (C1 -C5), compared to control cultures (4,000 ohms), which only confirms its medicinal potential. 
DISCUSSION
Fungal species belonging to the genus Ganoderma are known for their ability to produce a number of substances with promising biomedical properties [7] . The fruiting bodies of G. applanatum are very often used in traditional Chinese medicinal therapies. They are known as very efficient anticancer, immunostimulatory, and anti-viral factors [12, 13] . In the studies by Osińska-Jaroszuk et al. the crude exopolysaccharides (GpEPS) extracted from G. applanatum were subjected to in vitro cytotoxicity assays against carcinoma cell lines (SiHa and CaSki) and a human skin fibroblast (HSF) line. The results showed that the isolated polysaccharides exhibited cytotoxic activity against the SiHa carcinoma cell line and stimulated production of Il-6 and TNF-a by the macrophage line THP-1 [7] . Since the aim of the presented study was to demonstrate that GpEPS can be safely used in anti-cancer therapy, and does not cause side-effects or damage to healthy cells, it was therefore important to determine the impact of GpEPS on healthy fibroblasts cell line L929 culture. Traditionally, microscopy (inverted, confocal, fluorescence), spectrophotometry, colourimetry, ELISA, flow cytometry techniques etc., are considered standard in studies conducted on cell cultures. While these methods may provide insight into the physiological function of each single cell or into pathological changes that could have occurred, they usually require fluorescence, chemiluminescence or radioactive ways of marking, which lead to cell destruction. The process causes loss of important biological information about living cells. An innovative method used for the monitoring of live cells is the real time analysis of selected electrical parameters (i.e. cell membrane capacity, resistance or impedance). By registering the above-mentioned parameters of cells cultured on the electrode surface, the ECIS technique may directly provide detailed information about the cellular activity and eliminate the methods of multiple marking, thus facilitating non-invasive examination of cellular properties in real time.
Every cell type has its characteristic adhesion and growth curve that can be manipulated by e.g. varying the seeding density or other stimuli. Wegener et al. [14] described in detail the use of a combination of resistance and capacitance to distinguish between those parameters. The results of the current work coincide with Wegener's observations on resistance and capacitance, and complement each other ( Fig. 1, 2) . After 25 hours, resistance began to fall in all cell lines, which should be interpreted as a progressive cell death. The decrease of resistance was not observed prior to this time in all cells treated with C1-C5 doses of GpEPS and in control cells (F), which may indicate that GpEPS does not exert anti-proliferative nor cytotoxic activity towards L929 cells. The decrease in capacitance (Fig. 2) indicates cell proliferation, while increase in the resistance corresponds to cell proliferation, which is why both values complement each other. According to Szulcek et al. [5] , the resistance represents the quality and function of the cell barrier, and therefore takes into consideration the resistance towards para-and trans-cellular current flow. Capacitance provides an overall measure of electrode coverage. The variation in cell behaviour after cell attachment, spreading, proliferation, micromotion, demise, and/or responses to external substances, result in changes in impedance [15] . The electrical impedance is defined as the opposition to an electrical current within a circuit. In systems utilizing direct current, the impedance is simply the resistance, but in systems utilizing alternating currents, the changing electric and magnetic fields create additional and varying opposition to the applied current [16] . ECIS is a system using alternating current.
In the current study, it was found that when L929 cells cultures were treated with GpEPS it did not changed their function substantially, and the slight alterations in impedance may correspond to changes in the cell morphology (Fig. 3) . In Figure 3A a characteristic variation can be observed in cell behaviour after cell attachment, spreading, proliferation and micromotion, similar to those described by Xiaoqiu et al. and Ramasamy et al. [15, 17] . As demonstrated in the current study, GpEPS had no significant effect on the resistance, capacitance and impedance of L929 cell line; however, the observed electrical changes are noteworthy and indicate the possibility of using the examined preparation in anti-cancer research and therapy.
CONCLUSIONS
Based on the results of the study, it was found that the GpEPS did not change significantly the electrical parameters (resistance, capacitance and impedance) of normal mouse fibroblast cells. As there is a close connection between electrical changes within cells or on their surfaces, and the processes conditioning cell survival, it can be concluded that although GpEPS exhibited cytotoxic activity against e.g. the SiHa carcinoma cell line, it can be safely used in anti-cancer research and therapy because it does not cause side-effects or damage to healthy cells. However, further studies comprising preventive and therapeutic actions of the GpEPS fraction are needed.
